AbSTRAcT. The aim of this study was to verify the accuracy of echocardiography by dual-source computed tomography (DScT). Seven normal beagles underwent DScT and echocardiography. Echocardiographic measurements were obtained according to the American Society of Echocardiography guidelines. The DScT images were reconstructed onto the same echocardiographic image plane by using a reconstruction program, and then anatomical measurements were obtained. Nonparametric analysis was used for verifying the significance of each of the measured parameters. The anatomical measurements obtained using echocardiography and DSCT were not significant (P>0.05), and the difference between the measurements obtained using both the methods were within 95% confidence intervals except those for interventricular septal thickness and left ventricular posterior wall thickness in end diastole. The reasons for these differences were considered to be the adjacent structures such as papillary muscles or chordae tendineae that may have influenced the echocardiographic findings, lower far-field image quality of echocardiography, low test-retest reproducibility of echocardiography, high-quality images of DSCT minimizing the motion artifact and the retrospective ECG gating technique of DSCT that offered an adequate timing decision for the systolic and diastolic phase during cardiac movement. Although there were differences in the measurements of interventricular septal thickness and left ventricular posterior wall thickness in end diastole obtained using echocardiography and DScT, we could conclude that echocardiographic measurement is as accurate and reliable as DScT for cardiac anatomical assessment.
Echocardiography is widely used for estimating global left ventricular function [3] . The advantage of echocardiography is that it is a fast and easily accessible method for the evaluation of cardiac function [7] . However, this technique has several disadvantages, including limitations in overall cardiac imaging [6] , low image quality during far-field scanning [10] and left ventricular foreshortening observed during tangential scanning [10] . In addition, anatomical and volumetric measurements obtained using echocardiography tend to be less accurate than those obtained using cineangiography and magnetic resonance imaging (MRI) [3] .
Dual-source computed tomography (DScT) is a valuable procedure for accurate measurement of cardiac function [1, 5] . compared to single-source computed tomography, this technique has a shorter scan time because it has 2 gantries that help obtain a high temporal resolution of rapid cardiac motion [1, 5] . The measurements of ejection fraction obtained via dual-source reconstruction are more accurate than those obtained via single-source reconstruction; some studies have also shown that the measurements of left ventricular function parameters obtained using DScT and MRI are similar [1] .
The purpose of this study was to evaluate the differences between anatomical measurements obtained using echocardiography and DScT under anesthetic conditions and to verify the accuracy of echocardiography by considering DScT as a gold standard.
MATERIALS AND METHODS
Seven normal beagles (4 males and 3 females), aged 26.5 months and having a median body weight of 9.43 kg (range, 8.5-10.5 kg), were used in this study. All the dogs were considered to be in good health on the basis of the findings of clinical examinations and echocardiography. The dogs were housed in a facility approved by the University Animal and care committee and were fed a standard diet. before the dogs underwent computed tomography (cT) scanning or echocardiography, they were intravenously administered 20 µg/kg of medetomidine (Domitor ® ; Pfizer Korea, Seoul, Korea) before orotracheal intubation; subsequently, the dogs were administered 1.5% isoflurane (Foran ® solution; choongwae Pharma corporation, Seoul, Korea) with 100% oxygen, under electrocardiographic (ECG) monitoring, for maintenance of anesthesia.
Transthoracic echocardiography of the cardiac anatomical structure was performed using a 7-MHz sector transducer (Acuson X300; Siemens Healthcare, Forchheim, Germany). All dogs underwent echocardiography twice before and during anesthesia to determine the effect of medetomidine on cardiac anatomical structures. Dogs were positioned in right recumbency, and the transducer was moved towards the intercostal space between the right 4th and 5th ribs. Images were acquired in the right parasternal long-axis 4-chamber view, left ventricular outflow tract view and short-axis view of the heart base at the level of the aorta and the pulmonary artery. Gain and depth were adjusted to optimize the images for each subject.
before the dogs underwent echocardiography, they were anesthetized and subjected to cT angiography using a 64-channel DSCT scanner (Somatom Definition; Siemens Healthcare, Forchheim, Germany). Scanning was performed after positioning the anesthetized dogs "tail first," which meant that the tail was placed toward the gantry to scan the heart from the caudal aspect first, with the dog placed in dorsal recumbency on the cT table.
A volume data set covering the region from the aorta to cardiac apex was obtained. The scan parameters were as follows: voltage, 100 kV; effective current, 320 mA; detective collimation, 2 × 32 × 0.6 mm; slice collimation, 2 × 64 × 0.6 mm; slice thickness, 0.75 mm; pitch, 0.22; rotation time, 0.33 sec; and reconstruction interval, 0.4 mm. For determining the scan time, each dog was injected with a test bolus of 4-5 ml iopromide (Ultravist 370 ® ; Schering, berlin, Germany) at a rate of 1.5 ml/sec through an 18-gauge catheter placed in the cephalic vein. After test bolus injection, 3-phase bolus injections were administered at the rate of 2.0 ml/sec by a using dual-head power injector (Stellant D ® ; Medrad, Indianola, PA, U.S.A.) to increase the contrast between the left ventricle and ventricular wall on DScT images; the dogs were injected with 2 ml/kg of iopromide, 10-15 ml of a 60-40% blend of contrast media and saline and finally 10 ml of saline. A retrospective gating technique was used for synchronization of the data reconstruction with the EcG signal. A monosegment reconstruction algorithm was used to analyze the data obtained from both X-ray sources. The image matrix was 512 × 512 pixels, and image reconstruction was performed using an external workstation software (cardiac functional analysis, Vitrea2, version 4; Vital Images Inc., Plymouth, MN, U.S.A.).
Because the cardiac axis is not perpendicular to the body axis, the cardiac anatomical structures are not easily distinguishable on images that are not reformatted. To distinguish the cardiac anatomical structures and identify them on the echocardiographic images, cT angiography images were reformatted according to the oblique-axis images centered at the aorta by using reconstruction software (Vworks, version 4.0; cyberMed Inc., Seoul, Korea).
cardiac anatomical measurements were divided into 18 items under 5 categories (Table 1) according to the guidelines of the American Society of Echocardiography [9] .
Averages of 3 consecutive measurements were obtained for a single observer. The cardiac anatomical measurements obtained from the cT images were similar to those obtained from the echocardiographic images ( Fig. 1) .
Statistical analysis was performed using computer software (SPSS statistical software, version 19.0 for Windows, SPSS Inc., Chicago, IL, U.S.A.). All data were expressed in terms of means and standard deviations (SD). The MannWhitney U test was used to compare the findings obtained using echocardiography with those obtained using DScT. P values less than 0.05 were considered statistically significant.
RESULTS
When echocardiographic measurements in the conscious state were compared with those during anesthesia, there were no significance differences in results (Table 2 ). IVSd in the conscious state was smaller (7.9 ± 0.7 vs. 8.3 ± 0.5 mm) and LVDd was larger (29.1 ± 0.2 vs. 28.5 ± 0.1 mm) than those during anesthesia. LVPWd was showed similar results in both states (6.9 ± 0.5 vs. 6.9 ± 0.1 mm). IVSs and LVPWs showed larger measurements in the conscious state than those during anesthesia (11.2 ± 0.8 vs. 11.0 ± 0.1 mm, 10.9 ± 0.8 vs. 10.3 ± 0.1 mm, respectively), and the LVDs in conscious dogs was smaller than that in anesthetized dogs (18.3 ± 0.2 vs. 20.5 ± 0.2 mm). Measurements of the aorta including those of the aortic root, sinus of Valsalva and sinotubular junction (12.3 ± 0.2 vs. 12.1 ± 0.1 mm, 17.1 ± 0.2 vs. 16.8 ± 0.2 mm, 13.1 ± 0.1 vs. 12.8 ± 0.1 mm, respectively) were larger in consciousness than those during anesthesia, but there were no statistically significant differences.
The diameter of the aorta measured at the right parasternal short-axis view of the heart base at the level of the aorta was similar in both the conscious and anesthetic states (15.7 ± 0.7 vs. 15.7 ± 0.1 mm), and LA was smaller in consciousness than during anesthesia in the same view (16.7 ± 0.7 vs. 17.8 ± 0.1 mm). The LA/Ao ratio was smaller in conscious dogs than in anesthetized dogs (1.0 ± 0.8 vs. 1.1 ± 0.1). In the case of measurements at the right parasternal long-axis left ventricular outflow view, the aorta in conscious dogs was larger than that in anesthetized dogs (18.0 ± 1.4 vs. 14.0 ± 0.3 mm). LA in conscious dogs measured at the long-axis view, in contrast with the short-axis view, was larger than that in anesthetized dogs (18.3 ± 0.2 vs. 16.8 ± 0.1 mm), so the LA/Ao ratio in conscious dogs was also larger than that in anesthetized dogs (1.3 ± 0.2 vs. 1.2 ± 0.2).
The aorta in conscious dogs obtained at the right parasternal short-axis view of the heart base at the level of the main pulmonary artery was larger than that in anesthetized dogs (16.2 ± 0.2 vs. 15.5 ± 0.2 mm), and the main pulmonary artery obtained at the same view of the aorta showed a tendency similar to that of the aorta described above (13.0 ± 0.7 vs. 12.4 ± 0.1 mm). The Ao/MPA ratio was showed similar results in both conscious and anesthetized dogs (1.3 ± 0.9 vs. 1.3 ± 0.1).
The cardiac anatomical measurements obtained using echocardiography or DSCT were statistically insignificant except those for IVSd and LVPWd (Table 3 ). The standard deviations of the measurements obtained using DScT were greater than those of the measurements obtained by echocardiography. The left ventricle measurements including IVSd, LVDd, LVPWd, IVSs, LVDs and LVPWs were smaller when obtained by echocardiography than those obtained by DScT (8.3 ± 0.5 vs. 10.1 ± 1.7 mm, 28.5 ± 0.1 vs. 29.8 ± 0.3 mm, 6.9 ± 0.1 vs. 9.3 ± 0.2 mm, 11.0 ± 0.1 vs. 12.4 ± 0.3 mm, 20.5 ± 0.2 vs. 22.3 ± 1.6 mm, 10.3 ± 0.1 vs. 11.8 ± 0.5 mm, respectively). Among them, IVSd and LVPWd were significantly different between echocardiographic and DScT measurement (8.3 ± 0.5 vs. 10.1 ± 1.7 mm, 6.9 ± 0.1 vs. 9.3 ± 0.2 mm, respectively).
Measurements of the aorta obtained by echocardiography at the right parasternal long-axis left ventricular outflow view including the aortic root, sinus of Valsalva and sinotubular junction were smaller than those obtained by DScT and were similar to the left ventricular measurements (12.1 ± 0.1 vs. 12.5 ± 0.2 mm, 16.8 ± 0.2 vs. 18.0 ± 0.4 mm, 12.8 ± 0.1 vs. 13.2 ± 0.1 mm, respectively).
LA measurements obtained using echocardiography and DSCT showed no statistical significance, but there were differences between the right parasternal long-axis left ventricular outflow view and short-axis view of the heart base at the level of the aorta. The LA obtained by echocardiography was smaller than that obtained by DScT in both the shortand long-axis views (17.8 ± 0.1 vs. 19.4 ± 0.8 mm, 16.8 ± 0.1 vs. 18.0 ± 0.9 mm, respectively), but the aorta in the short-axis view obtained by echocardiography was larger than that obtained by DScT (15.7 ± 0.1 vs. 13.8 ± 0.9 mm), in contrast with the measurements in the long-axis view Table 3 . cardiac anatomical measurements obtained using dual-source computed tomography (DScT) and echocardiography (14.0 ± 0.3 vs. 15.5 ± 0.5 mm). These differences had little influence on the LA/Ao ratio, so the LA/Ao ratio obtained by echocardiography was smaller than that obtained by DScT in both the short-and long-axis views (1.1 ± 0.1 vs. 1.5 ± 1.2, 1.2 ± 0.2 vs. 1.3 ± 0.4, respectively), and these were not significantly different.
The echocardiographic measurements of the aorta and main pulmonary artery were smaller in the right parasternal short-axis view of the heart base at the level of the pulmonary artery than those obtained by DScT in the same view (15.5 ± 0.2 vs. 14.1 ± 0.1 mm, 12.4 ± 0.1 vs. 12.0 ± 0.2 mm, respectively). The Ao/MPA ratio obtained by echocardiography was larger than that obtained by DScT (1.3 ± 0.1 vs. 1.2 ± 0.3), but the difference was not statistically significant.
DIScUSSION
Echocardiography is an essential diagnostic technique for the evaluation of cardiovascular diseases. Anatomical measurements obtained using echocardiography are particularly important for identifying cardiac deformities and dysfunctions during routine checkups. However, previous studies have shown that echocardiographic measurements have several limitations including an inaccurate left ventricular geometry observed during tangential scanning and low farfield image quality compared with measurements obtained using the modified discrete cosine transform or MRI [3, 7, 10, 14] . However, we found that our overall echocardiographic data, except those for IVSd and LVPWd, were similar to the DScT data.
Anesthesia with medetomidine showed little influence on cardiac anatomical structures in this study. Previous studies reported that medetomidine induced bradycardia, reduced cardiac output and reduced blood pressure in dogs [8, 12] . Vasoconstriction, reduced fraction shortening and increased LA/Ao ratio reflected these changes in echocardiography, but the changes were statistically insignificant compared with those in conscious subjects [4, 11] . We confirmed these results in this study, so we concluded that echocardiography of conscious dogs was similar to that of dogs anesthetized with medetomidine, and to DScT.
Measurements for IVSd and LVPWd obtained using echocardiography were significantly lower than those obtained using DScT; this could be attributed to the following reasons. First, the adjacent structures such as papillary muscles or chordae tendineae may have influenced the echocardiographic findings. Second, the far-field image quality of echocardiography is lower than that of DScT; therefore, the left ventricular wall thickness may have been underestimated. Further, because of low test-retest reproducibility, the echocardiographic anatomical measurements are less reliable than the DScT measurements. Moreover, DScT yields high-quality images by minimizing motion artifacts, thereby allowing for clear determination of the margins of cardiac anatomical structures without marginal blurring. Furthermore, the retrospective ECG gating technique offers an adequate timing decision for the systolic and diastolic phase during cardiac movement. Thus, DScT data for IVSd and LVPWd were considered more reliable than echocardiographic data.
In this study, the overall DScT data showed higher mean and SD values than the corresponding echocardiography values. compared with DScT measurements, the echocardiographic measurements were underestimated because of the left ventricular foreshortening observed during tangential scanning, low lateral and ventral resolution, and inaccurate geometric modeling of the left ventricular structures [3] . The higher SD observed in the DScT measurements may have led to the higher temporal resolution of the DScT images, thereby enabling the detection of individual cardiac structures with greater accuracy [1, 5] . Moreover, the enddiastolic and end-systolic phases could be more clearly observed in the retrospective EcG-gated cardiac images than in the echocardiographic images, in which these phases were determined using the naked eye under EcG guidance with manual control.
Similar to the findings of a 3D transesophageal echocardiographic study in humans, we found that compared with the diameters of the aorta and main pulmonary artery measured on the coronal plane in DScT, those measured in the short-axis view of echocardiography were overestimated; however, these differences were not statistically significant [13] . Studies have shown that accurate determination of the perpendicular axis may be more difficult with echocardiography than with DScT [2, 13] .
In conclusion, although there were differences in the IVSd and LVPWd measurements obtained using echocardiography and DSCT, both these techniques showed similar results for other cardiac anatomical measurements. Echocardiography may be as useful and effective as DScT for obtaining cardiac anatomical measurements.
